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Linearity and Additivity of Forcing and Response
Traditionally,  the global  climate  impact of  individual emission  sectors, as well as  specific 
components contributing to the total effect of some sector, have been  inter-compared  in 

















Distinctive Efficacies of Non-CO2 Aviation Forcings
∆Tsfc(i) = λ(i) • RF(i) =  r(i) • λ(CO2) • RF(i)
r(i) = λ(i) / λ(CO2) ≠ 1
Previous equilibrium climate change simulations 
have suggested the possibility of a significantly 
different  climate  sensitivity  parameter  (λ)  for 
non-CO2 aviation perturbations, with efficacies 
(r, Hansen et al., 2005) up  to 40%  smaller or 
larger  than  in  the  reference case. A systematic 



























Perturbation ∆Tsurf RFadj λadj r RFgreg λgreg rgreg
CO2  (1 W/m2) 0.703 1.010 0.696 1 0.96 0.790 1
CO2 (doubling) 2.748 3.792 0.724 3.62 0.782
CO2 (tripling) 4.572 6.160 0.742 5.62 0.842
Sol (+2%) 3.285 4.591 0.716 4.52 0.781
CH4 (1 W/m2) 0.760 1.053 0.722 1.04 1.26 0.636 0.81
*from 8 spin-up simulations





























Perturbation ∆Tsurf RFadj λadj ∆CRF
CO2  (1 W/m2) 0.703 1.010 0.696 −0.127
Contrails (100, τ =0.3) – C3 0.297 0.694 0.423 −0.373
[K] [Wm-2] [K/ Wm-2]
The cloud radiative feedback under a moderate global warming  is usually negative  in the GCM framework 
used here, but  it appears to be more negative for contrails than for the reference CO2 case. An additional 





























Perturbation ∆Tsurf RFadj λadj r
CO2  (1 W/m2) 0.703 1.010 0.696
CO2 (doubling) 2.748 3.792 0.724 1
Ozone_avia (40) – O2 - 0.704 (37) - -
Ozone_avia (50) – O3 0.617 0.862 (44) 0.712 0.98
Contrails (100, τ =0.3) – C3 0.297 0.694 0.423 0.59
O1 + C1 0.683 1.122 (98%) 0.609 0.84

















RF (a • ∆O3(i)) = a • RF(∆O3(i))  ?  Linearity of aviation forcings is restricted to moderate scaling.
RF(∑ ∆O3(i)) = ∑ RF(∆O3(i))   ?  Additivity of aviation forcings is nearly perfect.












In  case  that  characteristic efficacies  for  individual  forcing 





∆Tsfc = ∑ ∆Tsfc(i) ⇔ rcomb = ∑(RF(i) • r(i)) / ∑(RF(i)) ?
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